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Abstract Diversity in lifestyles and socioeconomic status
among European populations, and recent socio-political and
economic changes in transitional countries, may affect
changes in adiposity. We aimed to determine whether
change in the prevalence of obesity varies between the
socio-politically transitional North-East European (Łódź,
Poland; Szeged, Hungary; Tartu, Estonia), and the non-
transitional Mediterranean (Santiago de Compostela,
Spain; Florence, Italy) and North-West European (Leuven,
Belgium; Malmö, Sweden; Manchester, UK) cities. This
prospective observational cohort survey was performed
between 2003 and 2005 at baseline and followed up
between 2008 and 2010 of 3369 community-dwelling men
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aged 40–79 years. Main outcome measures in the present
paper included waist circumference, body mass index and
mid-upper arm muscle area. Baseline prevalence of waist
circumference ≥ 102 cm and body mass index ≥ 30 kg/m2,
respectively, were 39.0, 29.5 % in North-East European
cities, 32.4, 21.9 % in Mediterranean cities, and 30.0,
20.1 % in North-West European cities. After median 4.3
years, men living in cities from transitional countries had
mean gains in waist circumference (1.1 cm) and body mass
index (0.2 kg/m2), which were greater than men in cities
from non-transitional countries (P= 0.005). North-East
European cities had greater gains in waist circumference
(1.5 cm) than in Mediterranean cities (P< 0.001). Over 4.3
years, the prevalence of waist circumference ≥ 102 cm had
increased by 13.1 % in North-East European cities, 5.8 % in
the Mediterranean cities, 10.0 % in North-West European
cities. Odds ratios (95 % conﬁdence intervals), adjusted for
lifestyle factors, for developing waist circumference ≥ 102
cm, compared with men from Mediterranean cities, were
2.3 (1.5–3.5) in North-East European cities and 1.6
(1.1–2.4) in North-West European cities, and 1.6 (1.2–2.1)
in men living in cities from transitional, compared with
cities from non-transitional countries. These regional dif-
ferences in increased prevalence of waist circumference ≥
102 cm were more pronounced in men aged 60–79 years
than in those aged 40–59 years. Overall there was an
increase in the prevalence of obesity (body mass index ≥
30 kg/m2) over 4.3 years (between 5.3 and 6.1 %) with no
signiﬁcant regional differences at any age. Mid-upper arm
muscle area declined during follow-up with the greatest
decline among men from North-East European cities. In
conclusion, increasing waist circumference is dissociated
from change in body mass index and most rapid among men
living in cities from transitional North-East European
countries, presumably driven by economic and
socio–political changes. Information on women would also
be of value and it would be of interest to relate the changes
in adiposity to dietary and other behavioural habits.
Keywords Obesity ● Fat distribution ● Environment ● Body
mass index ● Waist circumference ● Health promotion
Introduction
Obesity is the major driver for type 2 diabetes mellitus,
premature cardiovascular disease, the metabolic syndrome
and a host of other secondary health complications [1, 2].
Furthermore recent studies indicate that obesity is a risk
factor of cancer incidence at several cancer sites [3, 4].
Recognising the scale of consequent disability and health-
care costs, obesity prevention has been declared as a major
public health priority in many countries [5]. The global
obesity epidemic, over the last 30–40 years, can only have
emerged through changes in environmental and social fac-
tors which have resulted in poor diet (high energy/low
nutrient-density foods and meals), and physical inactivity
[6]. Previously largely restricted to the wealthy, social
deprivation has emerged as a powerful driver of obesity in
the post-industrial period. Familial patterning is well
recognised, but classical genetics plays only a small part [7].
It is increasingly recognised that shared environments
within families serve a dual role, not only producing con-
ditions which favour immediate positive energy balance,
but also changing susceptibility to weight gain and obesity
throughout the lifespan through epigenetic modiﬁcations,
altering gene expressions after exposure to adverse envir-
onment in utero or in early life [8].
Recent cross-sectional analyses of European Male Age-
ing Study (EMAS) baseline data have shown that obesity
was signiﬁcantly associated with social and lifestyle factors
including smoking status, physical activity level and edu-
cation attainment in European men aged 40–79 years [9].
This EMAS cohort comprises populations from eight major
cities, covering the Mediterranean (Spain and Italy), North-
West (NW) (Belgium, Sweden and England) and North-
East (NE) (Poland, Hungary and Estonia) European regions,
which are diverse in lifestyle and dietary habits [10–12].
These eight cities also embody the contrasting socio-
political systems between transitional and non-transitional
regions in Europe [13]. Lifestyle and dietary habits in many
transitional countries in NE Europe have recently been
increasingly more westernized, particularly among younger
people, practising an increase in consumption of calorie-
dense/poor-nutrient diet, replacing healthy native diet of
fruit, vegetables, nuts and grains [14]. A survey of adults
aged 18–74 in the European Union conducted between
2006 and 2010 showed the prevalence of obesity (body
mass index, BMI ≥ 30 kg/m2) in the EMAS regions was
11.3 % in Italy, 17.0 % in Spain, 13.3 % in Belgium, 22.1 %
in the UK, 17.3 % in Poland, 21.4 % in Hungary and 16.0 %
in Estonia [15]. More recent WHO data on adult (≥18 years)
male obesity prevalence in 2014 show 22.8 % in Spain,
20.4 % in Italy, 22.3 % in Belgium, 22.5 % in Sweden,
26.9 % in UK, 24.6 % in Poland, 24.4 % in Hungary and
22.2 % in Estonia [16]. A large cross-country survey of
22,777 Europeans aged over 50 years in 2004 suggested
that regional differences in prevalence of obesity were not
explained by socio-demographic differences. The authors
suggested diet culture, physical activity and other lifestyle
behaviours may be the contributing factors [17]. These data
are though based on cross-sectional surveys, with variable
response rates and representativeness. Data in EMAS was
collected in a standardised way across the eight countries,
with relatively high response rates and permitted long-
itudinal comparison of changes in the prevalence of obesity
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and body fat distribution, indicated by BMI and waist cir-
cumference (WC), in diverse regions of the European
Union. We hypothesised that changes in the prevalence of
obesity may be greater in cities from the transitional
countries from NE Europe than cities from countries in the
Mediterranean and NW Europe.
Methods
Participants and study design
The study design and recruitment strategy for EMAS have
been described previously [18, 19]. Brieﬂy, an age-stratiﬁed
sample of 3369 men aged 40–79 (mean± SD: 60± 11)
years was recruited randomly from population registers in
eight European centres, ﬁve from non-transitional (Flor-
ence, Italy; Leuven, Belgium; Malmö, Sweden; Manchester,
UK; Santiago de Compostela, Spain) and three from tran-
sitional countries (Łódź, Poland; Szeged, Hungary; Tartu,
Estonia). Participants were assessed at baseline (2003–05)
and a median of 4.3 (range 3.0–5.7) years later at follow-up
survey (2008–10) [18, 19]. Ethical approval for the study
was obtained in accordance with local requirements in each
centre. All participants provided written informed consent.
Lifestyle, socio–economic history and anthropometry
Participants answered questions about lifestyle habits
(smoking, alcohol consumption, physical activity) and
socioeconomic status (education level and employment
status). Body weight and height were measured by elec-
tronic scales (SECA, Hamburg, Germany) and stadiometer
(Holtain, Crymych, UK) and BMI was calculated as weight/
height2 (kg/m2). WC was measured at the level between the
lowest ribs and anterior suprailiac crest and mid-upper arm
circumference (MUAC) at midpoint between the acromion
and olecranon using non-stretchable tape measure, and tri-
ceps skinfold thickness in mm at the MUAC level using
skinfold calipers (Holtain, Crymych, UK) [20]. Physical
function was assessed using Physical Activity Scale for the
Elderly (PASE) questionnaire score. Mid-upper arm muscle
area was estimated from the equation: MUAC – (3.14 ×
triceps skinfold thickness) [21].
Statistical analysis
Statistical analyses were conducted using STATA SE ver-
sion 13.1 (Stata Corp, College Station, TX, USA). Indivi-
duals were categorised according to their WC ‘Action
Levels’ (<94, 94–101.9 and ≥102 cm) [22] or BMI (<25,
25–29.9 and ≥30 kg/m2) [23]. For the purpose of this ana-
lysis, peak education attainment level was classiﬁed as
below high school, or college/university; employment status
as either currently in or not in employment; smoking status
as never, former or current; and alcohol consumption as non-
drinkers, infrequent alcohol drinkers (1–4 days/week) or
frequent alcohol drinkers (≥5 days/week). Because we did
not have reliable information on retirement status, we deci-
ded to classify subjects into employment and non-
employment groups for men below 65 years old (working
age in most countries). Physical activity levels were classi-
ﬁed according to quartiles of PASE questionnaire score [9].
Development of large WC and high BMI
Changes between all BMI and WC categories, in both
directions over a median 4.3 years were analysed. The
development of, or the new occurrence of obesity (WC ≥
102 cm or BMI ≥ 30 kg/m2) was deﬁned as new cases who
moved upwards from any lower WC or BMI categories.
Those who were obese at baseline were not included in the
analysis. For new development of the moderately elevated
middle categories, only subjects who moved upwards from
the lowest category were included, i.e., those who lost
weight from the highest WC category or highest BMI
category into middle category were not considered as new
cases.
Analysis of variance (ANOVA) was used to assess the
statistical signiﬁcance of changes in WC or BMI (con-
tinuous variables) between study groups. Bonferroni
multiple-comparison test was used for simultaneous esti-
mation of paired group differences. Logistic regression
analysis was used to determine whether the risk of devel-
oping obesity varied by cities, with Santiago de Compos-
tela, Spain as the referent group; by region, with
Mediterranean cities as the referent group and by transi-
tional region status with the cities from non-transitional
countries as referent. Analyses were further repeated sepa-
rately in two age categories to assess whether the incidence
of obesity were different for men aged 40–59 years and
60–79 years. Data were presented both unadjusted and
adjusted for baseline socioeconomic status and lifestyle
factors mentioned above.
Results
Figure 1a shows that at baseline, the prevalences of
WC ≥ 102 cm and BMI ≥ 30 kg/m2, respectively, were
highest among men living in Szeged, Hungary (45.8 and
35.2 %) and Tartu, Estonia (41.1 and 32.9 %) and lowest
among men living in Florence, Italy (25.9 and 17.1 %) and
Leuven, Belgium (28.4 and 19.8 %). Within each of these
cities, these prevalences were higher among men over
60 than those under 60 years-old. Regionally, the baseline
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prevalences of WC ≥ 102 cm and BMI ≥ 30 kg/m2, respec-
tively, were 32.4 and 21.9 % in Mediterranean cities (San-
tiago de Compostela and Florence) and similarly 30.0 and
20.1 % in NW European cities (Leuven, Malmö and Man-
chester), while the respective values were almost 10 %
higher (P< 0.001) in cities from the transitional NE Eur-
opean (Łódź, Szeged, and Tartu) region (39.0 and 29.5 %).
Changes between all BMI and WC categories over a
median 4.3 years are shown in Table 1. Increase in pre-
valence or development of WC ≥ 102 cm was 12.3 %
(266/2148) or BMI ≥ 30 kg/m2 was 5.9 % (149/2499). New
development of the moderately elevated middle categories
of WC 94–101 cm was 16.9 % (194/1142) or BMI 25–29
kg/m2 was 15.1 % (132/870). Those who lost weight from
the highest WC (≥102 cm: 124/1171, 10.5 %) category or
highest BMI (≥30 kg/m2: 77/814, 9.4 %) category into
middle category were not considered as new cases. There
were signiﬁcantly greater proportions of men living in NE
European cities (transitional regions) gaining WC from
lower categories (<94 cm and 94–101 cm) to highest cate-
gory (≥102 cm) than men living in Mediterranean cities and
in NW European cities (non-transitional countries). Con-
versely signiﬁcantly greater proportions of men living in
cities from non-transitional countries had WC reduced from
moderate category (94–101 cm) to lowest category. In
contrast to observations on changes in WC, there were no
regional differences in the gains/reductions of BMI (data
not shown).
Compared to men living in Santiago de Compostela, who
had the lowest rise in WC, men living in all three cities from
transitional countries showed signiﬁcantly greater rises in
mean WC (1.6–2.0 cm), as did men in Leuven, but not in
Malmö or Manchester from the non-transitional region
(Table 2A). Men living in cities from the transitional
countries had greater gain in WC (1.1 cm) (Table 2A) and in
BMI (0.2 kg/m2) (Table 2B) than those in cities from the
non-transitional countries, and a signiﬁcantly greater gain in
WC (1.5 cm) (but not BMI) than men living in the Medi-
terranean cities. For both age groups below and above 60
years, compared with men living in Mediterranean cities,
those living in NE European cities lost signiﬁcantly more
lean body tissue, estimated from MUAC (Table 2C).
Figure 2a shows that in all men aged 40–79 years, over
4.3 years, the development of WC ≥ 102 cm was lowest at
5.8 % in Mediterranean cities, 10.0 % in NW European
cities and highest (13.1 %) in NE European cities. Further
analysis by age groups revealed that these regional differ-
ences in developing large WC were more pronounced in
men aged 60–79 compared with those aged 40–59 years.
There were no regional differences in changes in prevalence
of BMI ≥ 30 kg/m2 (Fig. 2b).
Table 3 shows that compared with men living in Medi-
terranean cities, adjusted odds ratios for developing a WC ≥
102 cm were 1.6-fold greater in men living in NW European
cities and 2.3-fold greater in men living in NE European
cities. Compared with men living in cities from non-
transitional countries, the odds ratio for developing WC ≥
102 cm was 1.6 fold greater in men living in cities from the
transitional countries. There were no regional differences in
odds ratios for developing a BMI ≥ 30 kg/m2. Odds ratios
for regional differences in developing a large WC remained
signiﬁcant when analysed by age group, and were greater in
men aged 60–79 than 40–59 (Table 4A). There were no
regional differences in developing a BMI ≥ 30 kg/m2 in
either age group (Table 4B).
We have also analysed changes in the intermediate
categories of adiposity (results not shown), there were only
differences in those whose WC rose from the lowest to
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Fig. 1 Baseline prevalence men with large waist circumference (a) or
with high BMI (b) in eight European cities
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moderately elevated (94–101.9 cm) between Santiago de
Compostela and Malmö, (decrease). Compared with San-
tiago de Compostela, the adjusted odds ratios in increase in
prevalence of moderately high BMI (25–29.9 kg/m2) were
increased in Florence, Leuven, Malmö, Łódź and Szeged.
Discussion
We found that WC, a marker of secondary disease risk
through its correlation with total body fat and with central
fat accumulation in thinner subjects [24], rose substantially
Table 2B A 4.3-year change in BMI in eight European cities, and differences in gain in BMI between men living in cities from the Mediterranean,
NW and NE Europe, and between men living in non-transitional (Mediterranean + NW Europe) and cities from transitional countries (NE Europe)
n Baseline mean
(SD) of BMI
Absolute (%)
change
ANOVA for differences between cities and groups of cities in
different regions
Between
individual cities
Between
Regions
Between transitional status
(non-transitional/transitional)
Mediterranean: Santiago de
Compostela, Spain
272 28.2 (3.7) −0.02 (−0.08) Referent Referent Referent
Mediterranean: Florence, Italy 346 27.0 (3.6) +0.23 (+1.05) +0.25
NW Europe: Leuven, Belgium 372 27.1 (3.9) +0.10 (+0.46) +0.12 −0.08
NW Europe: Malmö, Sweden 344 27.2 (3.9) +0.16 (+0.65) +0.18
NW Europe: Manchester, UK 300 27.6 (3.6) −0.15 (−0.54) −0.13
NE Europe: Łódź Poland 310 27.5 (3.8) +0.56 (+2.10) +0.57* +0.15 +0.20*
NE Europe: Szeged, Hungary 347 28.7 (4.3) +0.16 (+0.68) +0.18
NE Europe: Tartu, Estonia 299 28.5 (5.0) +0.11 (+0.42) +0.13
aP< 0.001 aP= 0.01 aP= 0.005
Bold values indicate “statistical signiﬁcant” results
ANOVA analysis of variance, BMI body mass index, SD standard deviation
*P< 0.05
a Bonferroni multiple-comparison test. Differences from referent group
Table 2A A 4.3-year change in WC in eight European cities, and differences in gain in WC between men living in cities from the Mediterranean,
NW and NE Europe, and between men living in cities from non-transitional (Mediterranean+NW Europe) and cities from transitional countries
(NE Europe)
n Baseline mean
(SD) of WC
Absolute (%)
change
ANOVA for differences between cities and groups of cities in
different regions
Between
individual cities
Between
Regions
Between transitional status
(non-transitional/transitional)
Mediterranean: Santiago de
Compostela, Spain
267 99.0 (9.5) +0.22 (+0.25) Referent Referent Referent
Mediterranean: Florence, Italy 351 96.2 (9.5) +0.85 (+0.97) +0.63
NW Europe: Leuven, Belgium 381 96.2 (11.2) +2.02 (+2.18) +1.80* +0.62
NW Europe: Malmö, Sweden 356 99.9 (10.5) +0.65 (+0.69) +0.43
NW Europe: Manchester, UK 312 97.6 (9.8) +0.84 (+0.90) +0.62
NE Europe: Łódź Poland 310 98.5 (10.2) +2.22 (+2.36) +1.99* +1.50* +1.10*
NE Europe: Szeged, Hungary 347 101 (11.7) +1.79 (+1.92) +1.57*
NE Europe: Tartu, Estonia 296 99.3 (13.4) +2.27 (+2.36) +2.05*
aP< 0.001 aP< 0.001 aP= 0.005
Bold values indicate “statistical signiﬁcant” results
ANOVA analysis of variance, SD standard deviation, WC waist circumference
*P< 0.05
a Bonferroni multiple-comparison test. Differences from referent group
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over 4.3 years. The prevalence of WC ≥ 102 cm (indicating
high risk of metabolic disease) [1, 2], increased most in
cities from NE Europe, followed by cities from NW Europe
and lowest in cities from the Mediterranean. These regional
differences in rising WC were most pronounced in men
aged 60–79 years. While BMI rose over the study period,
there were no regional differences in the rises in prevalence
of high BMI, nor was there an age trend. Increased central
fat accumulation among men living in cities from NE
European was accompanied by signiﬁcant loss of mid-upper
arm muscle area.
Large WC indicates an increase in the metabolically
active intra-abdominal fat which is associated with speciﬁc
clusters of symptoms, secondary metabolic syndrome and
chronic diseases including diabetes, hypertension and car-
diovascular disease [1, 2]. These conditions are exacerbated
by adverse lifestyle factors such as smoking, poor diet and
physical inactivity which tend to co-exist with obesity in
post-industrial communities [25]. Given the already-high
baseline prevalence of large WC in men living in the
transitional region, their greater risk of developing large
WC over the study period is likely to herald many down-
stream health complications.
These data suggest that the rising adiposity with age,
especially of WC (but less of BMI), appears to be more
pronounced in transitional countries presumably related to
the recent and continuing socio–political and economic
changes. Our data were adjusted for a number of socio-
demographic and lifestyle factors therefore the results may
reﬂect the obesogenic social conditions due at least in part
to sedentary lifestyles and consumption of energy-dense
food [14]. We have also performed unadjusted analyses and
found that differences between countries and between
regions were slightly stronger than adjusted data (results not
shown). However, the dissociation between WC and BMI
changes may point towards an increase in individual sus-
ceptibility to weight gain and cardiometabolic risk. The lack
of regional differences in BMI may be accounted for by the
concurrently greater loss of mid-upper arm muscle area,
which may indicate a general loss of lean body tissue, in NE
European men. Age-related muscle atrophy is the central
feature of sarcopenic syndrome, a condition associated with
frailty and poor health [26, 27]. Sarcopenic obesity, a
condition associated with excess energy consumption,
sedentary lifestyle and chronic illnesses [28], is associated
with even worse health outcomes [29]. We should empha-
size that changes in adiposity and mid-upper arm muscle
area in the present study were calculated on the whole
group, rather than individual, basis.
Mackenbach et al. [12] have previously observed
increased mortality in lower economic status sectors of
Europe, most marked in Eastern European countries. In
contrast, in Mediterranean countries which have been more
socially and culturally stable for many decades [30], people
have continued to consume traditional Mediterranean diets
characterised by ﬁbre-rich fruit, vegetables legumes and
cereals, more ﬁsh and poultry than red meat, and moderate
alcohol intake [31]. This diet is rich in monounsaturated
fatty acids and in micronutrients with anti-inﬂammatory
[32] and antioxidant properties [33]. Large prospective
studies have shown that adherence to Mediterranean diet
leads to a signiﬁcant reduction in WC [34–36] and BMI
[37], consistent with evidence which links Mediterranean
diets to lower cardiovascular risk [34].
The present study also showed that developing a large
WC was signiﬁcantly more likely in cities from NW Eur-
opean than in cities from Mediterranean countries. This
difference within the non-transitional zone suggests that diet
and lifestyle factors are probably more inﬂuential than
socioeconomic differences as risk factors for increased
N
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Fig. 2 New occurrence of men with large waist circumference (a) or
with high BMI (b) in cities from three regions of Europe (differences
from Mediterranean region: *P < 0.05, †P < 0.01)
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central fat accumulation, since NW European countries
have higher gross national income per capita than Medi-
terranean countries [38].
In our study, regional differences in the development of
large WC continued to persist after adjustments (but the
adjustments did attenuate the ORs to some/small extent) for
lifestyle factors including smoking and physical activity and
socioeconomic status including educational attainment level
and employment status. It is therefore likely that other
factors contribute to these differences. There is a body of
evidence indicating that in utero exposure to maternal fac-
tors such as obesity, poor diet and smoking can modify gene
expression though DNA methylation and histones, which
can exacerbate obesity in later life [8, 39]. It is now known
that these epigenetic changes can be inherited, and their
effects continue over several generations [40]. In principle,
epigenetic effects may be harmful or protective. In keeping
with other studies of epigenetic effects from smoking [41,
42], we have demonstrated previously that maternal
smoking associates with future adult adiposity and cardio-
vascular risk [43]. Parental smoking history was not col-
lected in EMAS but transitional countries had the highest
prevalence of smokers and ex-smokers at baseline [9] and
smoking is strongly retained as an inter-generational trait
within families [43]. Thus exposure to parental tobacco
smoke in early life or in utero may have driven some of the
harmful epigenetic changes. It remains possible that the
relatively stable Mediterranean diet, and lifestyle confers
protective epigenetic effects, or that changes in social and
domestic conditions during politico–economic strife induce
stress and thus harmful epigenetic changes. The latter
hypothesis may also apply to the increased rates of central
adiposity, cardiovascular and metabolic diseases seen ubi-
quitously amongst migrant populations [44] which tend to
live under chronic stress. Evidence from animal studies
demonstrates adverse epigenetic changes after exposure to
stress in pregnancy [45].
Maternal smoking, including passive smoking, and stress
during pregnancy cause poor intra-uterine growth and low
birthweight, which predisposes individuals to increased
intra-abdominal/central fat accumulation and cardio-
metabolic risk in adult life [46, 47], particularly when
exposed to abundant high-energy foods [48]. Rates of low
birthweight (<2500 g) were similar, ranging between 5 and
9 % among the eight countries in the present study in 2000
[49]. Birthweight data are not available for the period
1923–1963 when subjects in the present study were born,
but that was a time of greater economic austerity and stress
in the transitional countries, so birthweights might have
been lower than in non-transitional countries.
Inevitably there are limitations to the interpretation of
these data. However, the present study has particular
strengths in its prospective design and detailed
contemporary assessment of contrasting populations in
Europe, capturing a period of considerable social change in
some European countries. The study samples were repre-
sentative locally, but not necessarily nationally. We enrolled
mainly Caucasian men with a study response rate of 41 %,
which could limit generalizability. Although the EMAS
database is large, allowing assessment of many aspects of
male aging, there are pieces of information which could not
reliably be collected, such as birthweight and dietary
assessment, and others where risk of participant-fatigue
meant that self-reported information could not be com-
plemented by measured data, such as physical activity by
odometers and dietary intake. The statistical methods
employed were robust, and data were adjusted where pos-
sible for potential confounders and co-variates, but residual
confounding is always possible, particularly in a cross-
cultural study of this kind where measures of socio-
economic status may vary. Information on women would
also be of value and it would be of interest to relate the
changes in adiposity to dietary and other behavioural habits.
In conclusion, while weight and BMI is generally rising
among European men, WC are increasing more rapidly,
particularly in countries undergoing socio–economic and
political transition. This changing body shape proﬁle pre-
dicts greater future burdens from cardio-metabolic diseases
and, according to recent studies, from cancer [3, 4].
Acknowledgments The authors wish to thank the participants in the
eight countries and research/nursing staff in the eight centres: C Pott
(Manchester), E Wouters (Leuven), M Nilsson (Malmö), M del Mar
Fernandez (Santiago de Compostela), M Jedrzejowska (Łódź), H-M
Tabo (Tartu), A Heredi (Szeged) for their meticulous data collection
and C Moseley (Manchester) for data entry and project co-ordination.
Funding This study was funded by the Commission of the Eur-
opean Communities Fifth Framework Program “Quality of Life and
Management of Living Resources” Grant QLK6-CT-2001-00258 and
facilitated by the Manchester Biomedical Research Center and the
NIHR Greater Manchester: Clinical Research Network. Additional
support was also provided by Arthritis Research UK Center for Epi-
demiology and the National Institute for Health Research and the
Manchester Biomedical Research Center. The principal investigator of
EMAS is Professor Frederick CW Wu, Andrology Research Unit,
University of Manchester, Manchester, UK.
Author Contributions GB, GF, AG, KK, MP, DV, FCWW and
FFC were study centre principal investigators. FCWW was the chief
investigator. TSH and FFC designed the study with MEJL. EC and
DML undertook the analyses with advice and contributions from TSH,
FFC, MEJL, IH, NP, MR, TON and FCWW. TSH wrote the ﬁrst draft
of the manuscript and subsequent versions. All authors commented on
the manuscript and approved the ﬁnal version.
Compliance with ethical standards
Conﬂict of interest FCWW has acted as a consultant for Bayer-
Schering, Eli Lilly and Besins Healthcare and also participated in
advisory board meetings and lectured on their behalf. FCWW has
received lecture fees from Bayer-Schering and Besins Healthcare.
Endocrine
FCWW has received grant support (2010–2014) from Bayer Schering
AG and Besins Healthcare. ITH is a consultant and/or has received
grants from Ferring Pharmaceuticals, Takeda and Novartis. MEJL has
received departmental research funding from, and served on advisory
boards for, Novo Nordisk, Orexigen. All other authors have nothing to
disclose.
Ethical approval Ethical approval for the study was obtained in
accordance with the ethical standards of the institutional and national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
Informed consent Informed consent was obtained from all indivi-
dual participants included in the study.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
References
1. M.E.J. Lean, T.S. Han, J.C. Seidell, Impairment of health and
quality of life in people with large waist circumference. Lancet.
351, 853–856 (1998)
2. National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel III), Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and treatment of high blood cholesterol in
adults (Adult Treatment Panel III) ﬁnal report. Circulation 106,
3143–3421 (2002)
3. J. Wang, D.L. Yang, Z.Z. Chen, B.F. Gou, Associations of body
mass index with cancer incidence among populations, genders,
and menopausal status, a systematic review and meta-analysis.
Cancer Epidemiol. 42, 1–8 (2016)
4. K. Esposito, P. Chiodini, A. Colao, A. Lenzi, D. Giugliano,
Metabolic syndrome and risk of cancer, a systematic review and
meta-analysis. Diabetes Care 35, 2402–2411 (2012)
5. T.L. Visscher, J.C. Seidell, The public health impact of obesity.
Annu. Rev. Public Health 22, 355–375 (2001)
6. www.noo.org.uk/Lifestyles statistics team, Health and Social Care
Information Centre. Statistics on Obesity, Physical Activity and
Diet, England 2014.
7. R.J. Loos, G.S. Yeo, The bigger picture of FTO - The ﬁrst
GWAS-identiﬁed obesity gene. Nat. Rev. Endocrinol 10, 51–61
(2014)
8. N.A. Youngson, M.J. Morris, What obesity research tells us about
epigenetic mechanisms. Philos. Trans. R. Soc. Lond. B. Biol. Sci.
368, 20110337 (2013)
9. T.S. Han, D.M. Lee, M.E. Lean, J.D. Finn, T.W. O’Neill, G.
Bartfai, G. Forti, A. Giwercman, K. Kula, N. Pendleton, M.
Punab, M.K. Rutter, D. Vanderschueren, I.T. Huhtaniemi, F.C.W.
Wu, F.F. Casanueva; EMAS Study Group, Associations of obesity
with socioeconomic and lifestyle factors in middle-aged and
elderly men, European male aging study (EMAS). Eur. J. Endo-
crinol. 172, 59–67 (2015)
10. I. Janssen, P.T. Katzmarzyk, W.F. Boyce, C. Vereecken, C.
Mulvihill, C. Roberts, C. Currie, W. Pickett; Health Behaviour in
School-Aged Children Obesity Working Group, Comparison of
overweight and obesity prevalence in school-aged youth from 34
countries and their relationships with physical activity and dietary
patterns. Obes. Rev. 6, 123–132 (2005)
11. J.D. Irala-Estévez, M. Groth, L. Johansson, U. Oltersdorf, R.
Prättälä, M.A. Martínez-González, A systematic review of socio-
economic differences in food habits in Europe, consumption of
fruit and vegetables. Eur. J. Clin. Nutr. 54, 706–714 (2000)
12. J.P. Mackenbach, I. Stirbu, A.-J.R. Roskam, M.M. Schaap, G.
Menvielle, M. Leinsalu, A.E. Kunst; European Union Working
Group on Socioeconomic Inequalities in Health, Socioeconomic
inequalities in health in 22 European countries. N. Engl. J. Med.
358, 2468–2481 (2008)
13. E. Selezneva, Surveying transitional experience and subjective
well-being, income, work, family. Economic Systems 35.2,
139–157 (2011)
14. P.A. Gilbert, S. Khokhar, Changing dietary habits of ethnic groups in
Europe and implications for health. Nutr. Rev. 66, 203–215 (2008)
15. http://ec.europa.eu/eurostat/statistics-explained/index.php/Over
weight_and_obesity_-_BMI_statistics (Accessed August 2016).
16. World Health Organization. The European health report 2015.
Targets and beyond – Reaching new frontiers in evidence. WHO
Regional Ofﬁce for Europe UN City Marmorvej 51 DK-2100
Copenhagen Ø Denmark (2015)
17. T. Andreyeva, P.C. Michaud, A. van Soest, Obesity and health in
Europeans aged 50 years and older. Public Health 121, 497–509
(2007)
18. D.M. Lee, T.W. O’Neill, S.R. Pye, A.J. Silman, J.D. Finn, N.
Pendleton, A. Tajar, G. Bartfai, F. Casanueva, G. Forti, A.
Giwercman, I.T. Huhtaniemi, K. Kula, M. Punab, S. Boonen, D.
Vanderschueren, F.C. Wu; EMAS study group, The European
male ageing study (EMAS): Design, methods and recruitment. Int.
J. Androl. 32, 11–24 (2009)
19. D.M. Lee, S.R. Pye, A. Tajar, T. O’Neill, J.D. Finn, S. Boonen, G.
Bartfai, F.F. Casanueva, G. Forti, A. Giwercman, T.S. Han, I.T.
Huhtaniemi, K. Kula, M.E.J. Lean, N. Pendleton, M. Punab, A.J.
Silman, D. Vanderschueren, F.C.W. Wu; EMAS study group,
Cohort proﬁle: the European male ageing study. Int. J. Epidemiol.
42, 391–401 (2013)
20. M.E. Lean, T.S. Han, P. Deurenberg, Predicting body composition
by densitometry from simple anthropometric measurements. Am.
J. Clin. Nutr. 63, 4–14 (1996)
21. D.M. Lee, A. Tajar, R. Ravindrarajah, S.R. Pye, D.B.
O’Connor, G. Corona, M. O’Connell, E. Gielen, S. Boonen,
D. Vanderschueren, N. Pendleton, J.D. Finn, G. Bartfai,
F.F. Casanueva, G. Forti, A. Giwercman, T.S. Han, I.T. Huhta-
niemi, K. Kula, M.E. Lean, M. Punab, F.C. Wu, T.W. O’Neill,
European Male Aging Study Group, Frailty and sexual health in
older European men. J. Gerontol. A. Biol. Sci. Med. Sci. 68,
837–844 (2013)
22. M.E. Lean, T.S. Han, C.E. Morrison, Waist circumference as a
measure for indicating need for weight management. BMJ 311,
158–161 (1995)
23. World Health Organization, Physical Status: The Use and Inter-
pretation of Anthropometry. WHO Technical Report Series No.
854 (1995)
24. J.C. Seidell, T.S. Han, E.J. Feskens, M.E. Lean, Narrow hips and
broad waist circumferences independently contribute to increased
risk of non-insulin-dependent diabetes mellitus. J. Intern. Med.
242, 401–406 (1997)
25. I.D. Caterson, V. Hubbard, G.A. Bray, R. Grunstein, B.C. Hansen,
Y. Hong, D. Labarthe, J.C. Seidell, S.C. Smith Jr, Prevention
Conference VII, Obesity, a worldwide epidemic related to heart
disease and stroke, Group III, worldwide comorbidities of obesity.
Circulation 110, e476–e483 (2004)
26. R. Ravindrarajah, D.M. Lee, S.R. Pye, E. Gielen, S. Boonen, D.
Vanderschueren, N. Pendleton, J.D. Finn, G. Bartfai, F.F.
Casanueva, G. Forti, A. Giwercman, T.S. Han, I.T. Huhtaniemi,
Endocrine
K. Kula, M.E. Lean, M. Punab, F.C. Wu, T.W. O’Neill, European
Male Aging Study Group, The ability of three different models of
frailty to predict all-cause mortality, results from the European
male aging study (EMAS). Arch. Gerontol. Geriatr. 57, 360–368
(2013)
27. M.D.L. O’Connell, A. Tajar, T.W. O’Neill, S.A. Roberts, D.M.
Lee, S. Pye, A.J. Silman, J.D. Finn, G. Bartfai, S. Boonen, F.F.
Casanueva, G. Forti, A. Giwercman, T.S. Han, I.T. Huhtaniemi,
K. Kula, M.E. Lean, N. Pendleton, M. Punab, D. Vanderschueren,
F.C. Wu, Frailty is associated with impaired quality of life and
falls in middle-aged and older European men. J. Frailty Aging 2,
77–83 (2013)
28. S. Stenholm, T.B. Harris, T. Rantanen, M. Visser, S.B. Kritch-
evsky, L. Ferrucci, Sarcopenic obesity, Deﬁnition, Cause and
consequences. Curr. Opin. Clin. Nutr. Metab. Care 11, 693–700
(2008)
29. R.N. Baumgartner, S.J. Wayne, D.L. Waters, I. Janssen, D. Gal-
lagher, J.E. Morley, Sarcopenic obesity predicts instrumental
activities of daily living disability in the elderly. Obes. Res. 12,
1995–2004 (2004)
30. A. Bach-Faig, E.M. Berry, D. Lairon, J. Reguant, A. Trichopou-
lou, S. Dernini, F.X. Medina, M. Battino, R. Belahsen, G. Mir-
anda, L. Serra-Majem; Mediterranean Diet Foundation Expert
Group, Mediterranean diet pyramid today. Science and cultural
updates. Public Health Nutr. 14, 2274–2284 (2011)
31. L. Serra-Majem, A. Trichopoulou, J. Ngo de la Cruz, P. Cervera,
A. García Alvarez, C. La Vecchia, A. Lemtouni, D. Trichopoulos,
International Task Force on the Mediterranean Diet, Does the
deﬁnition of the mediterranean diet need to be updated? Public
Health Nutr. 7, 927–929 (2004)
32. C. Chrysohoou, D.B. Panagiotakos, C. Pitsavos, U.N. Das,
C. Stefanadis, Adherence to the mediterranean diet
attenuates inﬂammation and coagulation process in healthy
adults, The ATTICA study. J. Am. Coll. Cardiol. 44, 152–158
(2004)
33. C. Pitsavos, D.B. Panagiotakos, N. Tzima, C. Chrysohoou,
M. Economou, A. Zampelas, C. Stefanadis, Adherence to the
mediterranean diet is associated with total antioxidant capacity in
healthy adults, the ATTICA study. Am. J. Clin. Nutr. 82, 694–699
(2005)
34. A. Tortosa, M. Bes-Rastrollo, A. Sanchez-Villegas, F.J. Basterra-
Gortari, J.M. Nuñez-Cordoba, M.A. Martinez-Gonzalez, Medi-
terranean diet inversely associated with the incidence of metabolic
syndrome, the SUN prospective cohort. Diabetes Care 30,
2957–2959 (2007)
35. C.M. Kastorini, H.J. Milionis, K. Esposito, D. Giugliano,
J.A. Goudevenos, D.B. Panagiotakos, The effect of Mediterranean
diet on metabolic syndrome and its components, a meta-analysis
of 50 studies and 534,906 individuals. J. Am. Coll. Cardiol. 57,
1299–1313 (2011)
36. E. Kesse-Guyot, N. Ahluwalia, C. Lassale, S. Hercberg, L. Fezeu,
D. Lairon, Adherence to mediterranean diet reduces the risk of
metabolic syndrome, a 6-year prospective study. Nutr. Metab.
Cardiovasc. Dis. 23, 677–683 (2013)
37. M.A. Mendez, B.M. Popkin, P. Jakszyn, A. Berenguer,
M.J. Tormo, M.J. Sanchéz, J.R. Quirós, G. Pera, C. Navarro,
C. Martinez, N. Larrañaga, M. Dorronsoro, M.D. Chirlaque,
A. Barricarte, E. Ardanaz, P. Amiano, A. Agudo, C.A. González,
Adherence to a mediterranean diet is associated with reduced
3-year incidence of obesity. J. Nutr. 136, 2934–2938 (2006)
38. The World Bank. http://data.worldbank.org/indicator/NY.GNP.
PCAP.CD
39. R.A. Waterland, R.L. Jirtle, Transposable elements, targets for
early nutritional effects on epigenetic gene regulation. Mol. Cell
Biol. 23, 5293–5300 (2003)
40. A.M. Oberbauer, Developmental programming, the role of growth
hormone. J. Anim. Sci. Biotechnol. 6, 8 (2015)
41. C.V. Breton, H.M. Byun, M. Wenten, F. Pan, A. Yang, F.D.
Gilliland, Prenatal tobacco smoke exposure affects global and
gene-speciﬁc DNA methylation. Am. J. Respir. Crit. Care Med.
180, 462–467 (2009)
42. M. Suter, J. Ma, A. Harris, L. Patterson, K.A. Brown, C. Shope, L.
Showalter, A. Abramovici, K.M. Aagaard-Tillery, Maternal
tobacco use modestly alters correlated epigenome-wide placental
DNA methylation and gene expression. Epigenetics 6, 1284–1294
(2011)
43. T.S. Han, C.L. Hart, C. Haig, J. Logue, M.N. Upton, G.C.M.
Watt, M.E. Lean, Contributions of maternal and paternal adiposity
and smoking to adult offspring adiposity and cardiovascular risk,
the midspan family study. BMJ Open 5, e007682 (2015)
44. J. Sundquist, M. Winkleby, Country of birth, acculturation status
and abdominal obesity in a national sample of Mexican-American
women and men. Int. J. Epidemiol. 29, 470–477 (2000)
45. M. Darnaudéry, S. Maccari, Epigenetic programming of the stress
response in male and female rats by prenatal restraint stress. Brain
Res. Rev. 57, 571–585 (2008)
46. T.S. Han, G. McNeill, D.M. Campbell, The relationship between
women’s birth weight and their current intra-abdominal fat-mass.
Proc. Nutr. Soc. 54, 82A (1995)
47. R.J. Loos, G. Beunen, R. Fagard, C. Derom, R. Vlietinck., Birth
weight and body composition in young adult men - A prospective
twin study. Int. J. Obes. Relat. Metab. Disord. 25, 1537–1545
(2001)
48. D.J.P. Barker. Fetal and Infant Origins of Adult Disease. BMJ
Publishing Group, London (1992)
49. United Nations Children’s Fund and World Health Organization,
Low Birthweight. Country, Regional and Global Estimates.
UNICEF, New York (2004)
Endocrine
